The hydrolytic reactions of Bombyx mori 65-kDa chitinase with the short substrates, N-acetylchitooligosaccharides, were analyzed by HPLC. Analysis of the hydrolyzed products showed that the newly produced oligosaccharides are all b anomers, suggesting that, similar to other family 18 glycosyl hydrolases, the 65-kDa chitinase acts in the retaining mechanism. Furthermore, the enzyme cleaves the N-acetylchitooligosaccharides mainly at the linkage between the second and the third GlcNAc moieties from the non-reducing end, while the other sites were cleaved in smaller proportions. Moreover, the initial reaction rates of the enzyme with the longer N-acetylchitooligosaccharides were higher than those with shorter ones. These results suggest that the enzyme is an endo-cleaving type and more e‹cient on the longer substrates.
Chitinases (EC.3.2.1.14) with diŠerent molecular masses have been puriˆed from Bombyx mori and other insect species. [1] [2] [3] [4] [5] [6] These enzymes included 88-kDa, 65-kDa, and 54-kDa chitinases from B. mori. During storage after puriˆcation, a small proportion of the 88-kDa chitinase was detected to be degraded to 65-kDa chitinase and the latter also independently degraded to the 54-kDa chitinase. 1, 2) Furthermore, the N-terminal amino acid sequences of the three proteins were found to be identical.
1) The recent reports on the isolated and sequenced genomic DNAs and cDNAs of the chitinase from B. mori and Manduca sexta suggested that post-translational enzyme processing is possible and reasonable. [7] [8] [9] Therefore, investigating the hydrolytic pattern and other enzymatic features of each of the three chitinases may lead to further explanation and clariˆcation of the relationship among these chitinases. On the other hand, a relationship between chitinase families and anomer formation of the products has been proposed on the basis of allosamidin inhibition 10) and the threedimensional structure of chitinases. [11] [12] [13] [14] [15] That is, family 18 chitinases form b anomers, while family 19 chitinases form a anomers. Furthermore, we have developed a simple method for measuring the anomer formation by HPLC. 16) Using this HPLC method we investigated a 65-kDa chitinase from the silkworm to discover whether our proposal on the above-mentioned relationship is valid or not. In addition, we compared the cleavage patterns of the oligosaccharides as substrates with diŠerent chitinases to investigate the relationship between the chitinase families and the cleavage patterns. Therefore, we puriˆed a 65-kDa chitinase from the silkworm integument, investigated its cleavage patterns toward oligosaccharide substrates and analyzed the anomeric forms of its products. Also, the enzymatic features of this enzyme were compared with those of another B. mori chitinase and yam chitinase E as an example of the family 19 chitinases.
The 65-kDa chitinase was puriˆed by the method established previously. [1] [2] [3] The hydrolytic reaction was done by mixing 100 ml of 0.125 mM N-acetylchitooligosaccharide dissolved in 4.4 mM sodium acetate buŠer (pH 6.0) with 10 ml of chitinase solution (ˆnal concentration of 7.5 nM) and the mixture was incubated at 259 C for 20 min. The reaction mixture was immediately chilled in an ice bath to stop the reaction. Ten ml of the reaction mixture was analyzed by HPLC on a Tosoh TSK-Gel amide-80 column (0.46×25 cm) at 289 C. The N-acetylchitooligosaccharides were eluted by 70z acetonitrile at a ‰ow rate of 0.7 ml W min, and monitored at 210 nm. The molar concentrations of the eluted oligosaccharides were calculated by using the relationship between the concentration of each N-acetylchitooligosaccharide and its total peak area for both a and b anomers. 2, 16) To identify the elution peaks for a and b anomers, the percentage occurrence of each cleavage site and the ratio between a and b anomers were identiˆed and calculated by the method established previously. 16) The a and b anomeric forms of each kind of N- Panel S: The standard samples of N-acetylchitooligosaccharides from monosaccharide to hexasaccharide (10 ml of 0.025 mM each) were analyzed by HPLC. The elution peaks were identiˆed and the ratio of a and b anomers were calculated according to their respective concentrations and shown below the panel. Panels A, B, C, and D: Analysis of the enzymatic reaction with trisaccharides, tetrasaccharides, pentasaccharides, and hexasaccharides, respectively. Theˆnal concentration of each substrate was 0.114 mM and that of the enzyme was 7.5 nM. The reaction was done in 4.4 mM sodium acetate buŠer (pH 6.0) at 259 C for 20 min and 10 ml of the reaction was analyzed by HPLC. The ratios of a and b anomeric forms of N-acetylchitooligosaccharides after 20 min of reaction are represented below the panels.
acetylchitooligosaccharide were separated by HPLC and represented by two adjacent peaks (Fig. 1) . After the hydrolytic reaction, the ratios of b anomers to a anomers of the newly released N-acetylglucosamine and N-acetylchitooligosaccharides were contrastingly greater than that of the standard ones. When the trisaccharides were cleaved, the ratio of a anomer to b anomer of the newly released monosaccharides was (1:2.08) in contrast to the standard (1:0.77), and that of the newly released disaccharides was (1:2.43) compared with its standard (1:0.76). For tetrasaccharides, the ratios of a anomer to b anomer of the newly released monomers, disaccharides, and trisaccharides were (1:4.00), (1:2.00), and (1:1.15), respectively. The ratios of a anomers to b anomers of the newly released disaccharides and trisaccharides from the cleavage of pentasaccharides were (1:2.20) and (1:0.74), respectively. Those of the newly released disaccharides, trisaccharides, and tetrasaccharides from the cleavage of hexasaccharides were (1:2.11), (1:1.17), and (1:0.66), respectively. The ratios of b anomers to a anomers of the newly produced Nacetylglucosamine and N-acetylchitooligosaccharides were much higher than those of the corresponding standard oligosaccharides. In this respect, it may be suggested that the 65-kDa chitinase hydrolyzes its substrate in the retaining mechanism to produce b anomeric forms.
The 65-kDa chitinase hydrolyzed all the N-acetylchitooligosaccharides tested except the disaccharide ( Table 1 ). The trisaccharide was cleaved into the monosaccharide and the disaccharide, the tetrasaccharide into the monosaccharide, the disaccharide, and the trisaccharide. For the pentasaccharide and the hexasaccharide, no monosaccharide was produced, the products were the disaccharide and the trisaccharide. In the case of the hexasaccharide being the substrate, a tetrasaccharide was also produced in a smaller fraction. However, the newly produced disaccharide appeared in a signiˆcantly larger proportion (Table 1 and Fig. 1 ). The percentages of the relative cleavage sites were estimated from the corresponding total peak areas of the enzyme hydrolytic products. 16) For all the N-acetylchitooligosaccharides reacted, the linkage between the second and the third GlcNAc moiety from the non-reducing end of the oligosaccharides was cleaved much more frequently than other cleavage sites. This cleavage pattern coincided with that of the 54-kDa chitinase from the same source which retains its hydrolytic activity by the putative enzyme processing mechanism.
2) However, it is notable that the cleavage with the latter enzyme occurred only at the second linkage in the reaction with the pentasaccharide, and almost evenly at the second and the third linkages with the hexasaccharide from the non-reducing ends.
2) The results of the reactions of the 65-kDa and 54-kDa chitinases with their respective oligosaccharides indicate that during the process of enzymatic hydrolysis, the catalytic domain and the related regions remained intact. Although the N-acetylchitooligosaccharides are not considered as the major natural substrate for the chitinase in vivo, 1, 3, 7) it is still reasonable to deduce from this study and other related ones that at least a similar hydrolytic mechanism exists during ecdysis. This cleavage pattern could be deˆned by the innate conformational structure of the chitinase.
17)
The cleavage patterns toward N-acetylchitooligosaccharides were diŠerent among the fami-ly 18 chitinases, though they were same in producing the b anomers. 7, [12] [13] [14] [15] [16] At the same time, the cleavage patterns between family 18 chitinases and family 19 chitinases (producing a anomer products) were also quite diŠerent 2, 16, 18) (Table 1 ). The cleavage patterns of these chitinases were independent of family classiˆcation. For the family 18 chitinases, the diŠer-ences in cleavage pattern might re‰ect the conformational diŠerences in the structure rather than the active site that deˆnes the b anomer formation. On the other side, the diŠerences in anomer formation of the products and cleavage pattern between family 18 and family 19 chitinases might indicate that both the active site and the other motifs were conformationally diŠerent.
The initial reaction velocity of the 65-kDa chitinase with the oligosaccarides increased gradually when the substrate was shifted from the trisaccharide to the hexasaccharide. This may indicates the substrate preference of the enzyme. Moreover, the 65-kDa chitinase showed more speciˆcity to the longer chitooligosaccharides compared to the 54-kDa enzyme. However, the 54-kDa chitinase is more active than the 65-kDa chitinase towards the shortest oligosaccharide reacted with both enzymes, the trisaccharide. This gives strong insight that the smaller chitinase, which is puriˆed at the late stage, retains a higher activity towards the products of chitin hydrolysis that is done by the larger chitinase isoforms. In addition, the hydrolytic e‹ciency of the chitinases is reduced to a smaller fraction towards the end of the ecdysis process.
